All three studies showed a two to three times higher crude prevalence of gallstones in women who had two to three or more pregnancies, compared with nulliparous women. The GREPCO group (4) also correlated the effects of number of pregnancies and age with gallstone frequency. They showed that gallstones were more frequent in women after one pregnancy than in nulliparous women. The frequency increased after two pregnancies and again after three or more pregnancies. This effect was much more marked in younger women (ages 25 to 30 years versus 35 to 40 years). Several population studies attempted to quantify the risk of gallstones caused by multiple pregnancies, adjusting for at least some known confounding factors. The number of multiple pregnancies and the adjustment for confounding factors were not uniform in the various studies. Nevertheless, results of studies performed in Sirmione (2), Framingham (5) and a very large multicentre study in Italy (Multicenter Italian Study on Epidemiology of Cholelithiasis [MICOL]) (6) were surprisingly similar. The relative risks were 1.7, 1.6 and 1.7, respectively. These and other studies provided definitive evidence that multiple pregnancies are a risk factor for the development of gallstones.
DIRECT STUDIES
Several groups performed abdominal ultrasound examinations of women in the immediate postpartum period and compared the results with those of examinations performed in the same women at the beginning of pregnancy or in agematched nulliparous women (Table 2) . Chile is a high prevalence area for gallstones. In two large Chilean studies, 12.2% (7) and 11.2% (8) of women were found to have gallstones in the postpartum period compared with 3.1% in the same women at the beginning of pregnancy and 1.3% in nulliparous women.
The prevalence of gallstones is lower in Sicily (9) and particularly in Greece (10) , and these differences are reflected in Table 2 . While the methodologies in these and the other studies cited in this review were not uniform, the findings were similar. The data from all three areas, Chile, Sicily and Greece, clearly document the de novo development of gallstones during the course of pregnancy.
NATURAL HISTORY OF GALLSTONES
DURING PREGNANCY The predominant view is that symptomatic cholelithiasis is rare in pregnancy. Several large studies cite a prevalence of symptoms or complications in the order of 0.05% to 0.3% or 0.l% during pregnancy (11, 12) . These studies were, however, largely based on retrospective reviews of charts, which are inaccurate in relation to symptoms and more reliable in relation to complications. There are, however, more direct studies in which women were questioned in the postpartum period (7, 13) , or, even better, in which they were followed and questioned at regular intervals throughout pregnancy (9) . The results conflict and are somewhat confusing (Table 3) .
Maringhini et al (13) questioned women in the postpartum period and concluded that there was "no correlation between pain (biliary colic) and stones". Six years later, they followed another group of women at regular intervals throughout pregnancy and concluded that 29% had biliary colic (9) . A study from Santiago (7) questioned women in the postpartum period and determined that 31% had biliary colic during pregnancy. A study in Palermo (9) concluded that only 'old' stones, preceding pregnancy, caused symptoms of colic; while a study in Santiago (7) concluded that mainly stones larger than 10 mm in diameter, even if formed during pregnancy, caused colic. Clearly, more direct studies are needed to reach valid conclusions.
TREATMENT OF SYMPTOMATIC CHOLELITHIASIS DURING PREGNANCY
There is a consensus in relation to the therapeutic approach to symptomatic cholelithiasis during pregnancy (14) (15) (16) (14, 17) .
OUTCOME OF GALLSTONES AFTER DELIVERY
Some of the stones formed during pregnancy dissolve in the months following delivery. This has been well documented in several studies (Table 4 ). The dissolution rate may approach 25% to 30%. When the conditions leading to gallstone formation disappear (stasis, lithogenic bile), dissolution occurs in some cases. This should be kept in mind when considering the treatment of gallstones formed during pregnancy.
BILIARY SLUDGE
Biliary sludge is a term used for low amplitude sonographic echoes seen in the gallbladder, which move with gravity but do not cast an acoustic shadow. Studies performed by Lee et al (18) have shown that biliary sludge is composed mostly of biliary mucus and cholesterol crystals. Bilirubin granules may also be present. Studies performed primarily by Maringhini and his groups (9,13) ( Table 5 ) have demonstrated that biliary sludge is very common in pregnancy. Some 30% of women have biliary sludge in their gallbladder close to delivery. Unlike gallstones, the sludge disappears in the majority of women in the months following delivery. Biliary sludge is closely associated with gallstones; in experimental animals, it has been shown to precede gallstones. In humans, it is associated with gallstones or conditions leading to gallstones, such as parenteral nutrition (19) (20) (21) (22) . Biliary sludge may be one of the pathways leading to gallstone formation. However, during pregnancy, only a fraction of women with sludge develop gallstones.
PHYSIOLOGICAL CHANGES IN THE BILIARY
SYSTEM DURING PREGNANCY Pregnancy induces physiological changes in many body systems. The changes in the biliary tree and bile are marked, and contribute to the formation of biliary sludge and gallstones. Only the major changes are discussed here. Impaired gallbladder motility: Everson (23) performed a series of elegant studies of gallbladder motility. Twenty-two pregnant women were studied by ultrasonography hourly throughout the day and were compared with 22 nonpregnant women. The gallbladder volume was significantly greater in the pregnant women at all hours tested, before and after meals. When gallbladder motility was tested in the same two groups, the fasting volume was larger in the pregnant women (approximately 30 mL versus 18 mL), but the emptying rates were similar in both groups. The main difference was a much larger residual volume in the pregnant women (approximately 12 mL versus 4.5 mL). Tsimoyiannis et al (10) followed 649 women throughout pregnancy and measured the gallbladder volume using ultrasonography. The mean fasting gallbladder volume in early pregnancy was 12 mL, and it rose to 26 mL in the ninth month of pregnancy. Seven days postpartum, the volume was 13 mL. The mean residual volume in early pregnancy was 4 mL, rising to 9 mL in the ninth month. One week postpartum, it was 4 mL. Thus, both the fasting and residual volume more than doubled during pregnancy, returning to normal shortly after delivery. Impaired gallbladder emptying is well documented in cholelithiasis. It has been shown to precede stone formation in experimental lithogenesis (22) and to exist in patients with gallstones, persisting after stone dissolution (24) . It was also a factor in stone recurrence following dissolution (25) . Other conditions inducing gallbladder stasis, such as parenteral alimentation (26) or octreotide therapy (27) , were proven to be lithogenic. Impaired motility of the gastrointestinal tract: Pregnancy induces hypomotility throughout the gastrointestinal tract, probably via high progesterone levels. Lower esophageal sphincter pressure has been shown to decrease progressively to very low levels during pregnancy, returning to normal shortly after delivery (23) . In the context of gallstones, small bowel transit time becomes progressively longer throughout pregnancy, eventually returning to normal after delivery (23) . Impaired small bowel transit has been shown to be a factor in gallstone disease (22) and occurs during octoreotide therapy, which is known to induce gallstones (27, 28) . Prolonged large bowel transit has also been shown to be a factor in gallstone disease (29, 30) ; however, studies of large bowel transit during pregnancy have produced conflicting results (23) . (7) studied duodenal bile composition in women, shortly after delivery and 40 days later, and compared it with bile composition of matched nulliparous women. Cholesterol concentration of duodenal bile in the nulliparous women was 5.6 mM and the cholesterol saturation index (CSI) was 89. In the women after delivery, cholesterol concentration was 9 mM and the CSI was 131, representing a rise of about 50%. Forty days postpartum, the levels returned to normal. Cholesterol concentration was 6.1 mM and the CSI was 89. Kern et al (31) studied duodenal bile composition in 23 pregnant women in comparison with 23 nonpregnant women. They showed that the cholesterol to bile salt ratio was increased in the pregnant women, who secreted more cholesterol per mole of bile acids at various secretory rates. The same was true for the cholesterol to phospholipid ratio; it was also higher in the pregnant women. Bile clearly becomes more supersaturated with cholesterol during pregnancy.
This phenomenon is usually attributed to high estrogen levels, which rise progressively during pregnancy. In monkeys, it has been shown (32) that the dose-dependent administration of estrogens reduces bile acid secretion, with a concomitant reduction in bile flow. Estrogens also act on key enzymes such as 3-hydroxy-3-methylglutaryl-coenzyme A reductase and 7α-hydroxylase, usually increasing the former and reducing the latter. The results from studies of various animal species, however, are not uniform (33, 34) .
The secretion of cholesterol-supersaturated bile should not be uncritically ascribed to estrogens only. When gallstones are induced, mainly by gallbladder stasis in experimental animals or humans, typical changes are also found in the chemical composition of bile. This has been demonstrated in patients treated by octreotide (27) and, to a lesser degree, by parenteral alimentation (35) . There may thus be an interaction between the effects of estrogens and progesterones, with both contributing to lithogenic results.
SUMMARY
The lithogenic effects of pregnancy on the biliary tract are summarized in Table 6 . There is proof that pregnancy may induce the formation of biliary sludge and cholesterol gallstones. The mechanisms contributing to these complications are mostly the physiological effects of pregnancy on the biliary tract.
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